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Abstract:  Maternal attendance of eggs is a paren-
tal care behavior widespread in snakes, but obser-
vations under natural situations are limited.  During
a radio-tracking study in a dry forest in Madagas-
car, we located a female Leioheterodon madagas-
cariensis that was attending a clutch of eggs in a
cavity below ground.  The late embryonic stage
of an excavated egg and locations of the female
recorded before its discovery with the clutch
suggest that the female had been attending the
eggs for a relatively long period but with occa-
sional intervals when she left the oviposition site.
Key words:  Madagascar; Leioheterodon madagas-
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A growing number of behavioral observa-
tions suggest that snakes are more social than
previously believed (Somma, 1990; Duvall et
al., 1993; Clark, 2004; Shine et al., 2005).
Maternal attendance of eggs is a kind of social
behavior that has seemingly been underesti-
mated in snakes (Greene et al., 2002).  None-
theless, because of the difficulty in finding nat-
ural oviposition sites, evidence of attendance
of eggs by wild female snakes is still limited,
and the extent of maternal investment is
largely unclear.  Here, we report on a case of
maternal attendance of eggs in a Madagascan
colubrid snake, Leioheterodon madagascar-
iensis, observed in the field, which suggests
the female’s relatively long attendance but
with occasional intervals of leaving the ovipo-
sition site.
Our observations were made at Ampijoroa
Forest Station in Ankarafantsika National Park
(16°15'S, 46°48'E), in northwestern Madagas-
car.  This area consists of a deciduous dry
forest, where the rainy season usually lasts
from November to March (see Mori et al.
[2006] for details).
We captured a female L. madagascariensis
(snout-vent length: 1281 mm; body mass: 595 g)
on a sandy trail, which is located approxi-
mately 130 m away from the oviposition site
mentioned below, on 15 November 2005.  We
surgically implanted a radio-transmitter in it
(Holohil, AI-2, 16.5 g; for surgical methods,
see Reinert and Cundall [1982] and Nishimura
et al. [1995]) and released it at the site of
initial capture on 22 November 2005.  Then,
we started radio-tracking of this individual
periodically.  On 11 December 2007 we located
the snake in an underground hole, which had
presumably been constructed as a nest tunnel
by ants, in the bare sand on the forest floor
with a thin litter layer.  Because it was close to
the end of the expected battery life of the
transmitter, we decided to capture the snake
again to remove the transmitter.  We exca-
vated the ground beginning from the presump-
tive ant nest entrance (ca 4 cm in diameter)
and found the snake in coiled posture at
approximately 28 cm depth, where a wide,
horizontal cavity was present (Fig. 1).  While
attempting to remove the snake gently from
the cavity using a long snake hook, we noticed
a clutch of eggs inside the snake’s coil.  The
snake repeatedly emitted a loud hissing sound
when the hook contacted its body.  We removed
both the snake and the clutch, which consisted
of eight eggs adherent to each other.  One of
the eggs was broken accidentally while we
attempted to remove the snake.
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We measured width and length of each egg
to the nearest 0.1 mm using digital calipers
and the mass of each egg to the nearest 0.1 g
using an electronic balance.  Immediately after
these measurements, we returned the intact
eggs to their initial position and covered them
with sand.  Then, we marked the site with a
flag for later examination.  The female was
brought to the camping site to surgically
remove the radio-transmitter and was released
at the oviposition site on 14 December 2007.
The mean length, width, and mass of the
eggs, excluding the broken one, were 53.6 mm,
29.3 mm, and 23.6 g, respectively.  We brought
the broken egg to a camping site, where we
dissected it to find a well-developed embryo
(snout-vent length, 225 mm, tail length, 51 mm,
body mass, 8.1 g).  We identified it as Zehr’s
(1962) stage 36 based on developed pigment
pattern, everted hemipenes, head entirely cov-
ered by scales, and partially visible brain (Fig.
2).  We repeatedly visited and excavated the
oviposition site to confirm hatching of the
remaining eggs approximately every two weeks
afterwards until we eventually found the shells
of hatched eggs on 26 February 2008.  No
unhatched eggs remained then.  Because the
eggs had not yet hatched in the immediately
previous examination on 8 February 2008, it is
estimated that the eggs hatched 59–77 days
after we located them with the attending female.
We never discovered the female attending the
eggs again after the removal of the radio-
FIG. 1. Excavated oviposition site of Leioheterodon madagascariensis located by radio telemetry.
Note that the clutch of eggs has been replaced in its original position for photographing after removing the
attending female.
FIG. 2. A stage 36 embryo of Leioheterodon
madagascariensis from an accidentally broken egg
of the clutch attended by the radio-tagged female.
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transmitter.
Based on periodic locations of the female
using the radio telemetry, we confirmed that
the female used the oviposition site as shelter
from at least 27 October 2007 (Table 1).
Thereafter, before we found its attendance of
eggs, we located the female in two other sites
approximately 50 m and 100 m away from the
oviposition site, respectively.  These results
collectively indicate shuttling movement of
the snake between the oviposition site and
other, rather distant areas.
Although there is no direct evidence that the
attended eggs were laid by the female that
coiled around them, it is highly likely that our
observation indicates the maternal attendance
of eggs, considering the circumstances.  In addi-
tion, because L. madagascariensis regularly eats
reptile eggs (Mori and Randriamahazo, 2002;
Glaw and Vences, 2007), the female’s atten-
dance of another female’s eggs without eating
them is highly unlikely.
It is unknown how long the female had
attended the eggs when we first found them
together, but an estimate can be made based
on the following information.  The incubation
period of eggs of L. madagascariensis under
captive conditions is reportedly highly vari-
able, ranging from 60–96 days, and such varia-
tion is probably partly due to differences in
incubation temperature (Conant, 1938; Camp-
bell and Murphy, 1977; Kreutz, 1989; Dathe
and Dedekind, 1996; Mori and Tanaka, 2001).
In the case of another female collected from a
site close to the present nest, incubation to
hatching took 86–89 days at approximately
30C (Mori and Tanaka, 2001).  Because in the
present case the attended eggs hatched 59–77
days after the initial excavation, we suspect
that the female’s oviposition occurred one
week to a few weeks before we found her with
the eggs.  The well-developed embryo in the
broken egg, whose developmental stage was
much higher than that at which most snake
eggs are laid (Shine, 1983), also supports the
idea that the eggs had been attended for a
relatively long period before we excavated
them.
This estimated duration implies that female
L. madagascariensis attend eggs for an extended
period, not only for a few days after oviposi-
tion.  Furthermore, our observation strongly
suggests that the female traveled far from the
oviposition site at least once and returned to
attend the eggs again because we located her
at a site 50 m away two days before excavating
the eggs (Table 1).  It is almost certain from
our observation that maternal attendance of
TABLE 1. Position and behavior of the radio-tracked female Leioheterodon madagascariensis on and
after 27 October 2007 when the snake was first located at the oviposition site.
Date Site Behavior Note
27 Oct 2007 Oviposition site Hiding underground (ant nest)
28 Oct 2007 Oviposition site Hiding underground (ant nest)
30 Oct 2007 Oviposition site Hiding underground (ant nest)
31 Oct 2007 Oviposition site Hiding underground (ant nest)
14 Nov 2007 Trail Moving (foraing) on ground ca 100 m from oviposition site
16 Nov 2007 Oviposition site Hiding underground (ant nest)
18 Nov 2007 Oviposition site Hiding underground (ant nest)
1 Dec 2007 Site A Hiding underground (ant nest) ca 50 m from oviposition site
2 Dec 2007 Oviposition site Head protruding from the entrance of hole
7 Dec 2007 Site A Basking beside the hole entrance ca 50 m from oviposition site
8 Dec 2007 Site A Hiding underground (ant nest) ca 50 m from oviposition site
9 Dec 2007 Site A Hiding underground (ant nest) ca 50 m from oviposition site
11 Dec 2007 Oviposition site Attending eggs Presence of eggs was confirmed
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eggs by snakes is not always constant, but can
be intermittent.  This would allow females to
feed during the period of parental care, which
is an important factor when the cost of paren-
tal investment is considered (Gans, 1996).
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